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The  purpose  of  ‘his  experiment  was  to  investigate  operator  performance  in  an  environment  which  was 
conducive  to  visual- proprioceptive  conflict.  More  specifically,  the  intent  was  to  determine  the  relative  ability  of 
pilot,  navigator,  and  nonraled  Air  Force  officer  groups  to  maneuver  a simulated  remotely  piloted  vehicle  (RPV) 
from  a simulated  aiiborne  control  station  (i.e.,  a mother  slilp).  The  vehicle  and/or  the  station  were  givoii  gust-like 
ditiurbancei  on  pitch  and.'or  toil.  In  a between-groups  design,  the  pciformance  of  the  three  groups  of  subjects  was 
compared  under  two  conditions  of  conflict  (e.g.,  visual  roll  right  and  roll  left  motion;  visual  roll  right  and  pitch-up 
motion),  nonconflict,  motion  only,  and  no  motion.  To  maintaui  adequate  performance,  il  was  necessary  for  the 
aubjecti  to  disregard  sensations  of  motion.  The  results  revealed  that  tlie  tw  i conditions  of  conflict  engendered  the  -|- 
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VISUAL,PROPRIOCEPTIVE  CUE  CONFLICTS  IN  THE  CONTROL 
01  REMOTELY  PILOTED  VEHICLES 


L INTRODUCTION 

An  investigation  was  made  of  operator  tracking 
performance  under  conditions  of  visual- 
proprioceptive  conflict.  CH>e  term  proprioception 
as  used  here  refers  to  sensations  arising  from  the 
receptors  of  the  nonauditory  labyrinth  of  the 
inner  ear  and  from  muscles,  tendons,  and  joints. 
Kinesthesis  refers  to  sensations  of  movement 
arising  from  the  receptors  other  than  the  non- 
auditory  labyrintli.)  The  experimental  Kenaiio  is 
described  as  follows:  An  operator  is  asked  to 
maneuver  a remote’y  piloted  vehicle  (RPV)  from 
an  airborne  control  station  (a  mother  ship).  This 
staiion  is  equipped  with  a television  monitor, 
control  stick,  and  other  controls  and  displays 
necessary  to  maneuver  the  RPV  through  a 
specified  course.  The  RPV,  containing  a television 
camera  mounted  in  its  nose,  telays  an  image  of  the 
terrain  to  be  displayed  on  the  television  monitor  in 
the  control  station.  Thus,  the  visual  scene  dis- 
played to  the  operatorrepresents  the  scene  viewed 
by  the  camera.  The  task  of  the  operator  is  to  use 
the  controls  and  displays  to  “fly”  the  RPV  in 
much  tire  same  way  he  woul  'iy  a conventional 
aitcraft. 

Tlie  scenario  is  compheateu  jy  several  factors. 
First,  the  visual  inputs  to  the  operator  from  the 
RPV  ate  independent  of  the  motion  inputs  from 
the  control  ntation.  Thus,  the  operator  will 
experience  muDon  cues  that  are  uncorrelated  witii 
the  visual  inputs  received  from  the  RPV,  Second, 
while  traditional  pilot  training  programs  operate 
on  the  philosophy  that  proprioceptive  cues 
provided  by  the  motion  of  the  aiicrafi  should  be 
disregarded,  research  has  shown  that  these  cues  are 
compelling,  not  easily  ignored,  and  may  improve 
performance  when  used  m training  simulators  (see. 
for  example,  Borlace.  1967;  Cohen,  I"70; 
Douvillier,  Turner,  McLean,  & Heinle,  1960; 
Fedderson,  1961;  Huddleston  & Rolfe,  1971; 
Rathsrt,  Crecr,  & Douvillier,  1959;  Ruocco, 
Vitale,  & Benfari,  1965).  The  task  simulated  In  the 
experiment  presented  here,  however,  requited  that 
the  RPV  operator  disregard  sensations  of  motion 
in  order  to  maintain  adequate  performance.  Under 
conditions  of  vUual-proprioceptive  conflict  (as 
when  the  mother  ihip  and/or  the  RPV  arc  in 
turbulence)  the  stereotypic  responaes  of  pDota  to 
correct  angular  accelerations  will  be  inappropriate. 


Die  objectives  of  the  experiment  were  to 
obtain  cata  applicable  to  the  following: 

1.  The  relative  difficulty  of  controlling  an 
RPV  from  an  airborne  station  under  different 
visual-motion  combinations  (eg.,  visual-motion 
combinations  that  produce  conflict,  or  no  con- 
flict). 

2.  The  relative  ability  of  pilots,  navigators,  and 
nonrated  Air  Force  officers  to  operate  an  RPV 
from  an  airborne  station  (i.e.,  the  effect  of 
previous  experience). 

3.  The  differential  effects  of  experience  on  the 
acquisition  of  skills  necessary  to  operate  an  RPV, 

4.  Selection  and  training  of  potential  RPV 
operators. 

5.  The  need  for  motion  in  RPV  training 
simulators. 


D.  METHOD 

Simulation  System 

This  research  utilized  the  Simulation  and 
Training  Advanced  Research  System  (STARS) 
facility  of  the  Advanced  Systems  Division,  Ait 
Force  Human  Resources  Laboratory,  Wright- 
Patterson  Air  Force  Base,  Ohio.  The  equipment 
consisted  of  an  operator  station  mounted  on  a 
motion  platform,  hydraulic  pump,  terrain  model, 
television  camera  and  optical  probe,  experimenter 
station,  and  a Sigma  5 digital  computer.  A brief 
description  of  the  hardware  system  is  presented  as 
follows. 

Operator  station.  The  operator  station,  illus- 
trated in  Figure  1,  was  designed  to  simulate  the 
environment  of  an  airborne  control  station.  This 
station  contained  a television  monitor  tliat 
provided  visual  images  relayed  to  h from  a 
simulated  RPV.  These  visual  images  were 
generated  from  a television  camera  and  optical 
probe,  which  viewed  the  terrain  model.  The  path 
followed  by  the  camera  and  probe  over  the  terrain 
model  was  commensurate  with  the  vehicle  flight 
path  as  determined  by  control  stick  inputs 
provided  by  tlie  subject.  Since  the  control  stick 
and  vUual  system  were  independent  of  the  motion 
platform,  the  capability  existed  for  the  subject  to 
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I 'iliurc  1.  Operator  station  moiinied  on  motion  plaifomi. 


maiK'ovct  tlic  siniiilauJ  Hi'V  viiutei  vurioos 
c 15 V 1 1 o iiiiK' II t al  coiiiliU'Mvs-  1 ills  aiianpcincnt 
pcriniltcd  tlic  iiitio  JiicHoii  of  conditions  ir.  winch 
(he  RI’V  alone,  tl.c  aiihotnc  slaiion  ahme.  oi  both, 
wcic  u..dL'i  cl  II  air  turbulence 

lire  subject  sal  in  an  a;iciatM>i’c  seat  diicctU 
lacnii’.  a 14-  by  U inch  (35  b b>  27.9  cn\J 
tckeision  inoiiiun,  winch  ''Uis  inouitled  in  a center 
sectronal  panel  ol  the  opetaUn  console.  H'C 
distance  between  the  subject  s eyes  and  the  center 
ol  the  telcdsion  screen  was  2H  inches  (71.1  cm) 
Tlic  viewinjt  aojtle  subtended  211.0/  in  tin*  lateral 
plane  and  22. 23''  In  the  veiocal  plane  ol  the 
inonitoi.  An  allnnctci.  altitude  wanunp  iiuhl.  and 
an  attitude  director  indicator  (ADI)  were 
niounled  on  a Hat  sectional  I’anel  to  the  lett  ol  the 
subject  and  at  an  anjtle  ol  45  liom  the  ceiiiei 
panel  (sec  1 i^uie  2)  Tire  altiine'cr  was  a vertical 
s(taip,ht  scaled  indicator  with  a inoviiij;  pointer 
that  provided  altitude  readings  in  feet  above  sea 
level  An  amber  altitude  warning  light  flaslicu 
whenever  the  simulated  RI’V  altitude  droppe<l  to  a 
level  below  IKO  Icet  (54  9 m).  icinained  on 


wl'.enevci  aliiinde  exceed  1 .00  feet  (304  ? m),  and 
w'as  ofl  between  ISO  and  l.OoO  lect. 

A 6 inch  (15.2  cm)  side-arm  rate  control  stick 
was  mounted  on  lire  nglit-band  side  console 
.irnircsi  (see  1 ignrc  2).  Tire  control  was  a spring- 
cciitcted  sttek  wiili  a dnal-;ixis  (Ice  jiositioning) 
capability  that  icipiircd  4 ounces  (113.4  g) 
rtvakoiit  foicc.  Ihe  same  amount  of  force  was 
needed  to  hold  tlic  stick  at  full  deflection.  The 
range  ot  dctlection  tin  both  lateral  (tigjit  - left) 
and  longitudinal  (fore  - aft)  stick  was  0 to  25° 
(hence forth  referred  to  as  0 to  100  percent 
dctlection). 

In  addition,  the  ojieratoi  station  contained  a 
loot  switch  to  allow  tire  subject  to  coiniirur.icatc 
wilti  tire  cxj’eiiinentets.  IVlii'e  noise  was  input  to 
the  subject’s  headset  to  mask  exteirtal  disturb- 
ances, Ihe  aircraft  scat  was  equipped  with  a 
standard  h:rnics.s  and  lapbcll  to  piotect  the 
subject  An  air  conditioner  maintained  the  station 
temperature  at  70"  1'  (211°  C)  Hnally,  incident 
illiiiiUnation  was  at  an  average  of  .37  footcandles 
at  eye  level. 
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Figure  2.  Operator  station  instruments  and  control  stick. 


Motion  sysH'rn.  Tlie  opcratoi  station  was 
mounted  on  a motioii  platform  that  provided 
onset  cues  in  two  dettrccs  ol  trccdom  of  angular 
acceleration.  Roll  onset  cues  were  pixrvided  by 
tilting  the  simulator  about  the  longitudinal  axis 
(i.e.,  the  X axis)  and  pitcli  onset  cues  were 
provided  by  tilting  the  simulator  about  tlie  lateral 
axis  (i.e.,  the  V axis).  Motion  was  achieved  by 
actuation  of  hydraulic  cylinders  mounted  under 
the  by  8-fce!  (2.74  by  2.4  ni)  simulator  plat- 
form, as  sliown  in  Figure  1. 

Visual  system.  The  visual  system  consisted  of  a 
three-dimensional  terrain  model  (a  modified 
SMK-23  Visual  Simulatoi.  Tlie  Singer  Company), 
television  caniiera  and  optical  piobe,  and  three 
monochromatic  television  monitors.  The  terrain 
model  provided  ’’real-world”  ground  cues  for 
visual  tracking  over  the  surface.  Tne  real-world  to 
terrain  model  scale  was  3,000:1  and  lepresenteda 
six-  by  twelve-mile  (9.65  by  19.3  km)  area.  The 
model  was  mounted  on  an  endless  belt  that  was 
servo-driven  to  represent  visually  the  continuous 
changes  in  scene  as  the  simulated  RPV  travelled 
along  north-south  directions.  A television  camera 
viewed  the  terrain  model  thiuugli  an  optiral  probe 
that  contained  a servoed  mechanical  assembly  to 
permit  the  introduction  of  heading,  toll,  and  pitch. 
Both  the  camera  and  probe  were  mounted  on  a 
servo-driven  carrisge  system  that  moved  across  the 
terrain  model  to  sinii.late  movement  of  the  RPV 
along  east  west  directions,  and  in  and  out  to 


simulate  altitude  changes.  Tlic  field  of  view 
represented  on  the  television  monitor  subtended  a 
viewiivg  angle  of  50°  hori^mialiy  and  38° 
vertically  over  the  tcirain  model  One  television 
monitor  was  mounted  in  tlie  operator  station  and 
the  other  two  were  located  In  the  experimenter 
station.  All  three  monitors  had  a 1 .000-liiie  resolu- 
tion vertically. 

Experimenter  station.  Tlie  experimenter  station 
contained  the  equipment  nccessao'  to  moniior  the 
status  of  tlie  hardware/softwaic  and  Lontrol 
activities  of  the  subject,  Md  to  se»  up  the  various 
stimulus  conditions.  This  station  was  manned  by 
two  experimenter;.  Tlie  task  of  the  first  was  to 
prepare  the  system  foe  operation,  insure  drat  all 
hardware  was  operating  effectively  and  reliably 
prior  and  during  the  experiment,  and  set  up  die 
conditions  for  all  experimental  trials  in  accordance 
with  a prepared  check  list.  The  task  of  the  second 
experimenter  was  to  detennine  the  appropriate 
time  for  introducing  specific  stimuli  to  die  subject 
V/hen  certain  criteria  were  met,  the  cxpcrimcntci 
pressed  a discrete  hand-held  insert  huiion  to 
initiate  a stimulus  trial. 

Computer  system  and  interfaces.  A Sigma  5 
digital  computer  was  used  to  drive  the  pcnpheral 
equipment,  and  to  record  data  during  experi- 
mental runs.  Resident  software  consisted  of  a real- 
tuue  aerodynamic  matlicmatical  model,  executive 
routine,  and  data  recording  programs.  Ihc 
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pitili  biiiiil.il  t'l  ilia!  I'lii'-liieeil  I'J  a sliarp  vatid 
ttiist.  Aitii.il  aelivatiiiii  ot  stsiial  stnmili  was 
aceuiiiplislieil  b)  ailJme  a piedeteiiiiiiieil  value  tu 
the  saiiipleil  stick  salue  'jiul  seiuliii};  that  sum  to 
the  lu.itheiitatteal  itiiHlel  tit  lieu  ol  seiidiiip  the 
actual  sti''  piisttimi  uvet  the  fixed  luiiubet  ul 
piuniam  cycles.  'Ibi.i  pmeed  tu  he  a siiuple  and 
etlectivc  niethud  ut  piudiicinp.  lealistie  \istial 
stimuli  Vilicn  a uiotnui  blimiilus  was  leiimied.  the 
iiceesiiaiy  foteiiip  li.itctuiii.  ('.'uitiaiiimed  utt  the 
aiiali'ig  Cviittpiite:,  was  tr.jtp.et'ed  utu'et  euntiol  til 


the  executive  iiiiiiiiu..  l>ata  ic  nidiin'  piupraius 
lect'tded  all  ictltiircd  iiieasuics  tin  ttack  iiumiietic 
tape,  insetted  header  iiitiimiatiuti  used  tu  ideiitily 
e\,>eiiuieiit  1*  inns  and  tiials,  and  piudn  ed  wiine 
uitltii.  pints  and  computed  values  iiecessaiy  tni 
•lie  enndtiet  ol  the  c .iicnmciit. 

All  ana'-'j;  eiuuputci  was  used  pnmarily  tu 
etiiiluil  Ilic  iiu-lioii  I'lalUirm.  Hus  ineluded 
eiinimnal  pciieiation  ul  liiw-amplilude  mpiils  tin 
htith  mil  and  pileh  axes  Ui  5imula;e  mnxh  an. 
theieliy  addiiijl  tcali m Iti  the  task 

Ii>  ncriincnlai  Tasks 
and  Sfiiuuli 

111?  task  ctinsisted  ul  inancuveTtnp  a simulated 
RI*V  lliriiii)d:  a prcdctciimncd  trackmt;  euurse. 
lliu  was  a Itum  uf  visual  cuniaei  flymp  that 
retpitied  the  siilyels  to  track  leu  pitnmd  laijtels. 
t1y  the  simulated  W’V  uvei  each,  and  maintain  a 
level  lu'ii/tin  (i  e . wmt»  level)  I ipiiie  is  an 
illusliati'in  t'l  the  ytuniiid  tcriam  and  target  as 
Slewed  by  the  subjcel.  Sinee  sealed  rcloicnecs  weic 
mil  piuvidetl  tin  the  lelevisiun  nuinitm.  the  task 
ctinsisicd  til  a subjective  ftum  of  compensatory 
traeklirg. 


I-iKurc  3.  Civiind  terrain  and  tai;get  as  viewed  by  the  subject. 


Kasdy  visible  ground  targets  were  numbered 
and  placed  on  the  teoain  rnodvl  at  intervals 
tepitsentmg  two  statute  utiles  (3.2  km)  llrcre 
wen  ten  targets,  five  on  the  riglit-liand  side  (cast) 
and  live  un  the  Icft-liand  side  (west)  of  the  terrain 


itiodel.  Tire  five  targets,  spaced  on  tlie  east  side  of 
the  nrodcl,  were  numbered  sequentially  toward  the 
noitheni  region  of  the  model.  Similarly,  the  oilier 
five  taigcts  were  numbered  sequentially,  but 
spaced  at  intervals  fiom  north  to  south,  down  die 
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west  side  ot  tlic  tiii’dil  Tins  ait.iiijMiiiciil  nt 
targets  resulted  in  tlic  most  elfkiciil  use  ol  the 
terrain  model  In  adilition.  Ilit  latgels  were 
alteniatcd  lelt  and  riglit  at  dislatucs  lepreseiiting 
.12  mile  (.I't  km)  tiom  llie  eeiiictlmt  between 
targets  TIuis.  the  subject  was  reiiuired  to  iiiake 
heading  conections  as  tlie  simulated  Rl’V  was 
Down  towaid  cadi  taiget-  Alter  a tly-e>vei 
occuricd,  the  target  Icit  the  I'lcld  ol  view  at  the 
bottom  ol  the  television  screen  and  the  next  target 
api>carcd  over  the  liori/on  to  the  left  or  riglit  ol 
the  current  heading.  Heading  collections  to  the 
taiget  were  made  at  this  pouit  lliis  process  was 
repeated  until  the  subject  tracked  the  RFV  over 
the  fifth  target,  upon  which  he  was  instructed  to 
bank  to  the  left  to  acquire  the  sixth  target.  Target 
tracking  continued  unti'  llie  simulated  s'elucle  had 
been  flown  over  (he  tetiL'i  target  Tlic  RHV  was 
flown  at  an  airspeed  of  l.^O  knots  and  at  an 
altitude  between  180  and  1,000  feet  (54  9 and 
304.8  m).  Tlie  aveiage  altitude  tlowii  was  500  teei 
(152.4  m).  Ihe  aveiage  tracking  time  over  the  ten 
targets  was  b minutes  30  seconds. 

Since  the  operator  station  motion  was 
independent  of  the  visual  system,  it  was  possible 
to  simulate  conditions  in  which  the  I'chiclc  only 
(i.e.,  the  visual  iiipm  from  tlie  RPV).  the  operator 
stalior,  ct,!j  (i.?.,  tlic  motion  inpui  fioiu  llie 
mother  ship)  ot  boOi  simultaneously  weic  under 
dear  ait  turbulence.  As  the  subjects  maneuvered 
the  simulated  RP\'  over  the  ten  taigcis,  they  were 
presented,  at  random  intervaJs.  with  stimuli 
tepresenting  Oie  effects  of  gusts  on  the  o(Kraior 
station  and/or  llie  RPV.  Tlie  subjects  were  asked 
to  respond  with  an  aiiptopiiale  control  stick 
deflection  to  null  die  effects  of  these  gusts  on  the 
RPV.  The  visual  slimiilus  duration  was  one  second 
and  tlie  displacement  was  il8'’/sccond  on  loll 
and  pilch  during  the  initial  .5  second  and 
■t21°/second  on  roll  and  ll4'’/sccoiid  on  piicli 
during  the  remaining  .5  second  Any  control  stick 
activity  occurring  duong  tins  period  either 
decreased  or  increased  the  rate*  ol  error.  With  no 
corrective  input,  the  maximum  displacement  was 
limited  by  software  control  to  t2l“  on  roll  and 
iH"  on  pitdi. 

The  motion  stimulus  was  provided  by  lilting 
the  motion  plalfonii  about  tlie  longitudinal  axis 
(roll)  or  tlie  lateral  axis  (pitch).  Afiet  reaching  a 
maximum  excursion  of  iH”  on  roll  and  ±7°  on 
pitch  in  a period  of  one  second,  the  platfonn  was 
restored  to  a level  position  Ln  an  equal  ainounl  of 
lime.  Restoration  of  the  r I'.  'irmdtd  not  involve  a 
wasliout  function  below  .sory  (hiesliold.  While 
such  functions  arc  used  in  pilot  training  simulators 


I'l  cliimtuile  iiiiciuicl.iled  vjsii.il  ('iiipiuvcplivc 
cues,  tlic  ciiviiiMimciil  smiiil.ilcd  m this  expen 
iiiciil  icqiiitcd  that  iiuitioii  he  iiulcpcndciil  ol  the 
operator’s  control  activities  Ihns.  it  was  assumed 
that  a pilot  wiuiKl  icstoic  a mntliei  slii|> 
imiiicdialcly  tollmvjiig  the  ousel  ol  tmtnilciicc 

Subjects 

l iftv  iiitic  male  vuliiiiiccis.  all  iiniloniicd 
mcmijcis  ol  the  United  .Stales  Ait  I oice.  seised  .cs 
subjects  IP.  tins  cxik'imieiit  These  siilijccis  were 
as.s'.giRd  to  one  ol  tliiec  experience  groups  con 
sistiiig  of  twenty  pilots,  tweiil>  navigators,  and 
nineteen  iiomalcd  (iiicxj'criiiiccil)  olliceis.  The 
selection  of  subject';  dep.-iide  j iqron  then  i'rio> 
experience.  Il  was  required  that  the  pilot-;  lx  on 
current  flying  slaliis  and  llial  they  have  at  least 
300  hours  ol  Dying  experience.  It  was  tiirlliei 
required  that  neither  the  navigators  nor  the 
noniatcd  participants  possess  piloting  experience 
and  th.al  the  nomated  be  right  lumdeil 

Qiicstioiinaiics  desigjied  specilically  foi  each  ol 
the  Ihtcc  cxiHrience  groups  were  admimsteicd  to 
all  subjects.  Aside  from  Die  d-.-mog  .ipbic  cliaiac- 
teristics  on  each  subject,  it  was  oliiitcrcsl  also  to 
obtain  ollici  infor., ration  n'lt-van!  to  tlie  lljing 
experience  of  pilots  and  na'igalois  aiu!  an\ 
possible  informal  (i.e.,  obscivalioiial,  back  seat) 
piloting  experience  poss'ssed  by  navigaiois  and 
nonraled  subjects.  Also  of  mlciL-st  was  iiitor- 
niation  lelative  to  the  subject’s  suscei'libilil)  to 
motion  sickness.  Tire  general  cliaiacieiistics  ol 
each  expcncncc  gionp  aic  siiinnian/cd  as  follows 

hUits.  Tlie  average  age  ol  I'ilois  was  34.5 
(median,  34  5)  with  a range  ol  2f>  to  45  years.  Ail 
pilots  possessed  at  least  foui  years  ol  higlicr 
education  (mean,  5.3  jears).  TTic  mean  luimbci  of 
flying  hours  w-,-is  2,953  (n  ediaii,  2,924).  with  a 
tajige  ot  350  to  5,100  lioiirs  Tlie  mean  number  of 
years  of  flying  experience  was  9.9  (median, 
10.25),  with  a range  ol  3 Ii'  32  years.  The  most 
recent  flying  experience  had  rKcutred  on  the 
average  of  6 moiiDis  (median.  3 months)  prior  to 
participation  in  this  experiiueiit.  Two  plots 
reported  that  Diey  had  experienced  either  car  or 
seasickness,  hut  none  reported  airsickness. 

Nai’iftaton.  The  average  age  of  navigators  was 
32-5  (median.  33)  with  a range  of  25  to  44  years. 
AD  navigators  possessed  at  leas!  four  years  of 
higlter  education  (meat.  5-4  years).  The  mean 
number  ot  navigation  flying  hours  was  2,206 
(median,  2.i00).  with  a range  of  550  to  5,700 
hours.  The  mean  number  of  years  of  experience 


9 


was  7 1 inicdian,  7 5)  wiUi  a taimc  nt  1 5 tvi  I'i 
years  lire  most  iccctit  naviji.iiioii  cxi'ciicmc  !iad 
s>i:i.uttccl  H nioiitiis  tmediaii.  •'  nuiiillis)  ptioi  to 
pattKipation  m this  c>.pctiiiiciit  I ivc  tnvmatots 
tfisoited  that  ttic)  had  some  ptcsoU>  piloting 
capeiicnke.  but  in  all  eases  this  lud  iiecurird  at 
least  sesen  ycais  pnoi  to  the  expeinneni  (median. 
10  >eais)  Nine  navn;alois  had  sonic  inlomt.tl 
piloting  expeiiencc  Thiee  icpoitcd  lliat  the.s  had 
expenenecd  airsickness  and  one  ol  these  also 
rcp'irted  seasickness 

\-iiirali-J  Tlic  aseiage  age  ol  nonrated  subjects 
was  31  5 (median.  33),  with  range  ol  33  to  44 
>eats  All  ol  tltesc  subjects  had  at  ic.ist  lout  years 
ol  higliei  education  (mean  5 H ycais)  Three 
subjects  tcpoitcd  that  they  had  some  presolo 
piloting  exper.ence.  but  in  all  cases  this  cxiiciicncc 
had  occurred  at  least  seven  years  prior  Ui  the 
experiment  and  was  ol  slmri  duration  Three 
subjects  reported  some  itdormal  observational 
experience  and  two  had  ininiiiial  exjwriencc  in  a 


ground  siiiiulatoi.  Three  subjects  repotted  that 
they  had  experienced  airsickness  and  one  had 
cxpcncnced  seasickness 

Experimental  Conditions 
and  'lesign 

Subjects  in  each  experience  group  were  assigned 
to  one  cf  five  experinienta!  conditions  As  noted 
earlier,  the  coiiaitions  were  selected  for  their 
potential  to  produce  visual -propriocepive  conflict 
Tlic  conditions  represented  various  visual  motion 
stimulus  combinaiions  existing  between  the 
simulated  RPV  and  control  station.  As  shown  in 
Table  I the  five  conditions  consisted  of:  (a)  visual 
only  (VO),  in  which  the  RPV  was  represented  as 
being  in  turbulence,  but  not  the  control  station, 
(h)  motion  only  (MO),  in  wtiich  the  control 
station  was  represented  as  being  in  turbulence,  but 
not  the  RPV. (c)  single-axis  incompatible  (SAI).  in 
which  both  the  control  station  and  the  RPV  were 
simultaneously  in  turbulence:  but  the 


TahU- 1.  Visual-Motion  Stimulus  Combinaiions 
vKm  Sm  vSch  Exj>sri!tscats!  Conditio!! 


Cii^firi«ntat  CondHtoni 

vuuai  Stimwiuk 
(Ani*  and  Dimtion 
of  DUpiacomodt) 

Motion  StlrnUui 
(Axil  and  Olraetion 
of  Uitplaeamanl) 

Visual  Only  (VO) 

Pitch-Up 

0 

Pitch-Down 

c 

Roll  Ri^i 

0 

Roll  Left 

0 

Motion  Only  (MO) 

0 

Pitch  Up 

0 

Pitch  Down 

0 

Roll  Right 

0 

RoU  Left 

Single  Axis  Incompatible  (SAI) 

Pitch -Up 

Pitch-Down 

Pitch  IXiwn 

Pitch-lJp 

Rol)  Right 

Roll  Left 

Roll  Left 

Roll  Right 

Single-Axis  Compatible  (SAC) 

PitchUp 

Pitch-Up 

Pitch -IXiwii 

Pitch-Down 

Roll  Right 

Roll  Right 

Roll  Left 

Roll  Uft 

DoubI  Axis  Incompatible  (OAl) 

Pitch-Up 

RoU  Right 

Pitch-Up 

Roll  I.eft 

Pitch-Down 

RoU  Rigid 

Pllch-Di>wn 

RoU  Left 

Roll  Right 

Pltch-Up 

Roll  Right 

Ptich-Down 

Roll  Ufi 

Pitch-Up 

Roll  Left 

Pitch-Down 
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visual-motion  combinations  were  in  conflict  with 
respect  to  direction  (e.g.,  a visual  pitch-up  was 
combined  with  a pitch-down  motion),  (d)  single- 
axis  compatible  (SAC),  in  which  both  the  control 
station  and  the  RPV  were  simultaneously  in 
turbulence,  but  the  visual-motion  combinations 
were  consistent  with  normal  contact  flying 
conditions,  and  (e)  double-axis  incompatible 
(DAI),  in  which  both  the  control  station  and  the 
RPV  were  simultaneously  in  turbulence,  but  the 
visual-motion  combinations  were  in  conflict  with 
respect  to  axis  (e.g.,  a visual  pitch  i-p  was 
combined  with  a roll  right  or  left  motion). 

Sixteen  subjects  in  each  ot  the  three  experience 
groups  (i.e.,  pilots,  navigators,  and  nonrated)  were 
randomly  assigned  to  one  of  the  first  four 
experimental  conditions  (i.e.,  VO  MO,  SAI.  and 
SAC)  An  additional  four  pilots,  ar  navigators, 
and  tliree  nonrated  subjects  participated  in  condi- 
tion DAI.  The  ideal  design  would  have  required 
that  ail  subjects  be  administered  all  conditions 
(i.e.,  a withtn-groups  design).  This  type  of  design 
was  not  used  because  the  relatively  large  number 
of  conditions  (and  combinations  within  condi- 

tiOfiS)  WOuiu  Cicdit  3 fOfiViiuabic  b^duCinf. 

problem.  Also,  the  possibility  of  asymmetry  due 
to  transfer  effects  (Poulton  & Freeman,  1966)  in  a 
within  gtoups  design  would  require  that  all 
combinations  of  conditions  be  administered  and 
examined.  Constraints  on  subject  availability 
rendeied  this  approach  impractical,  if  not 
impossible. 

All  subjects  served  for  approximately  45 
minutes  on  5 consecutive  days  (sessions).  The  first 
session  was  for  ti  e purpose  of  familiariring  the 
subjects  with  the  equipment  and  procedures,  and 
for  trsinirig  in  the  tracking  task.  The  experimental 
tasks  were  performed  in  Sessions  2 through  5.  A 
trial  was  defined  as  the  introduction  of  a single 
stimulus  duiing  the  experimental  sessions.  A block 
of  trials  consisted  of  the  presentation  of  ten  uials 
during  the  simulated  fli^t  over  the  ten  targets. 
The  subjects  were  presented  with  four  blocks  of 
trisls  in  each  of  the  four  experimental  sessions 
The  Stimulus  combinations  in  each  condition  were 
randomized  (without  replacement)  so  that  each 
subject  experienced  the  same  combinations  over 
the  four  seuions-  Tlie  total  number  of  trials  by 
conditions  and  expeiience  group  is  presented  in 
Appendix  A. 

Proceduies 

Upon  arrival  at  the  first  seuion  each  subject 
was  asked  to  read  s prepared  set  of  instructions. 


Tlicsc  instructions  contained  a general  overview  of 
the  procedures  and  the  task  to  be  performed.  The 
subject  then  sat  in  the  operator  station  and  the 
experimenter  demonstrated  the  training  task  (i  e., 
one  flight  over  the  ten  targets)  to  belter  acquaint 
him  with  tlie  procedures.  The  subject  then 
completed  one  flight  in  the  presence  of  the 
experimenter-  After  a brief  question-and-answer 
period,  the  cxncriincnter  assumed  his  position  at 
the  expt-  mentet  station  and  the  subject 
proceeded  to  complete  two  additional  training 
flights  No  motion  was  provided  in  this  session, 
but  the  subject  had  use  of  the  ADI.  Upon 
completion  of  training,  tlie  subject  was  provided 
with  a copy  of  the  questionnaire. 

In  each  of  the  four  experimental  sessions,  the 
subjects  were  escorted  to  the  operator  station  and 
were  given  assistance  in  adjusting  the  protective 
■estraints.  instructions  were  then  read  ' ’ the 
subject  over  the  communication  system.  These 
instructions  are  presented  in  Appendix  B.  The 
sunulated  rough  air  and  the  television  monitor 
were  then  activated,  the  ADI  deactivated,  and  the 
subject  was  asked  whether  he  was  ready.  Upon  a 
“icady”  lespoiise  fiOiii  the  suujeci,  the  sysiciii  was 
released  from  freeze  status  and  the  subject  began 
maneuvering  activities  toward  the  first  target. 

Experimental  trials  were  initiated  from  the 
experimenter  station  in  accordance  with  pre- 
established  decision  criteria.  Briefly,  it  was 
required  that  a minimum  of  ten  seconds  lapse 
between  trials.  Moreover,  it  was  requited  that  the 
simulated  RPV  be  in  a stable  and  level  attitude  and 
that  the  heading  be  toward  the  next  target.  To 
insure  that  the  data  not  be  confounded  with 
noriTial  tracking  activities,  trials  were  presented 
only  when  the  subject’s  control  stick  input  was 
minimal,  if  not  at  zero  percent.  Finally,  to  avoid 
problenis  of  anticipation,  the  presentation  of  trials 
occurred  at  different  locations  on  the  tracking 
course.  Various  displays  were  used  to  aid  the 
experimenter  in  making  a decision  as  to  whether  a 
trial  should  be  initiated.  When  all  criteria  were 
met,  tlie  experirricnier  pressed  the  insert  button, 
wliich  caused  an  output  to  be  made  for  tlie  pre- 
selected trial.  A 45-second  rest  period  was 
provided  between  blocks  of  trials.  The  last  session 
was  followed  with  a debriefing,  a tour  of  the 
simulation  facility,  and  a discussion  of  the  purpose 
of  the  experiment. 

Performance  Measures 

Data  collected  during  all  sessions  (including 
training)  were  recorded  on  9-track  magnetic  tape. 
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The  vaiijhlo.  iimii,  ;iiul  ijtc  on  each  are 

picseiitcj  as  lollows 

(.'loek  U'ne  into  l)ic  tracking  task  was 
rcioijei!  ever)  .0“' second 

lateral  cunin'l  slick  ilcjlcclitin  frnll  axis). 
Percent  and  diTCct"'n  ol  dclloction  from  center 
position  li'  full  dollcction  was  lecorded  at  a tale  of 
20  saniplcs/second 

t.oii^iluJinal  ciiiifsil  slick  Jc]lcc’i'in  liiitch 
axis)  PeicenI  and  direction  ol  dencclion  from 
center  position  to  full  deOection  was  recorded  at  a 
rate  of  20  samples/second. 

l.<iiif;iincic  The  location  of  the  simulated  RPV 
ovei  the  terrain  model  in  an  cast -west  direction 
was  recorded  at  a rate  of  10  samples/second.  Data 
were  converted  to  feet  liavelled  from  the  left  (i.e., 
west)  side  of  the  terrain  model. 

l.aiiiiiJc  Die  location  of  the  simulated  RPV  in 
a direciion  running  lengthwise  over  the  terrain 
model  was  recorded  at  a rate  of  10  samples/ 
second.  Data  were  converted  to  feet  from  the 
lower  (t.e.,  south)  end  ol  the  terrain  model. 

Alittiidc  Altitude  of  the  simulated  RPV, 
measured  in  leet  above  sea  level,  was  recorded  at  a 
rale  of  10  samples/second. 

Header  injurmaiuni  Recorded  prior  to  the 
initiation  of  each  tracking  task  was  the  subject 
identification  number,  experimenial  condition, 
and  block  number,  'fbe  trial  number  and  the  visual 
and/ot  motion  combhiation  used  was  recorded 
whenever  a stimulus  was  presented. 

Computet  programs  were  developed  to  retrieve 
data  from  magnetic  tape  and  to  compute  relevant 
performance  measures.  Two  principal  measures 
were  computed:  response  time  (RT)  and  eiror 
rate.  The  former  was  defined  as  the  time  interval 
between  the  onset  of  a stimulus  and  the  first  point 
(i.e.,  time  sample)  in  the  tracking  record  in  which 
control  stick  deflection  exceeded  a predetermined 
limit  of  allowable  tolerance  (i.e.,  a band  of  toler- 
ance for  small  control  stick  deflections  regarded  as 
noise  rather  than  responses  to  trials).  The  method 
used  to  compute  these  bands,  for  both  lateral  and 
longitudinal  stick  deflections,  is  desenbed  in  Reed 
(1977). 

Response  times  were  computed  on  three  types 
of  responses:  correct,  reversal  errors,  and  axis 
errors.  Reversal  errors  were  those  responses  in 
which  stick  deflection  was  in  the  same  axis  but 
different  direction  as  the  visual  stimulus.  This  type 
of  response  added  error  by  increasing  the  late  of 


an  already  existing  siiniiilus  enor.  Axis  errors  were 
those  tcspon.scs  in  wliicli  stick  deflections  were  in 
the  axis  other  than  the  one  provided  by  the 
stimulus  A stick  deflection  to  the  left  in  response 
to  a pitch-up  visual  stimulus,  lor  example,  added 
roll  error  to  an  already  existing  pitch  error. 
Finally,  cross-coupled  responses  to  a stimulus  (i.e., 
responses  that  combined  simultaneously  both 
lateral-  and  longitudinal -stick  deflections)  were  not 
subinitlcd  to  analysis  because  of  their  random 
occurrence,  and  because  they  could  not  be 
regarded  as  cither  correct  or  error  responses. 

trror  rates  on  leversal  and  axis  errors  were 
computed  from  data  on  all  conditions  except  MO. 
The  primary  purpose  of  this  measure  was  to 
determine  (a)  possible  effects  due  to  practice,  (b) 
possible  differential  effects  by  type  of  error 
(reversal  vs  axis  errors),  (c)  effects  due  to  experi- 
ence, and  (d)  effects  due  to  conditions.  All 
proportions  were  obtained  by  dividing  the  number 
of  errors  by  the  total  number  of  responses.  Since 
all  responses  to  MO  were  regarded  as  errors, 
proportions  wete  obtained  by  dividing  the  number 
of  responses  by  the  total  number  of  trials 


lit.  RESULTS  AND  DISCUSSION 

Effects  of  Visual- 
Proprioceptive  Conflict 

The  results  of  this  study  revealed  that  the 
experimental  conditions  (sec  Table  1)  differed  in 
their  potential  to  engendei  visual -proprioceptive 
conflict,  as  measured  by  the  proportion  of  reversal 
and  axis  errors.  An  analysis  of  variance'  on 
reversal  errors  (sec  Figure  4)  revealed  that  the 
effect  of  conditions  was  significant,  F (3,  35)  = 15. 
p<  .001  (.1  1.  ,25.  .07.  .12  in  VO,  SAI,  SAC.  and 
DAI,  respectively).  A Newman-Keuls  (Winer. 
1971,  p,  191)  test  of  the  means  revealed  further 
that  this  effect  was  due  to  the  Urge  proportion  of 
reversal  errors  in  SAI  (p  < .01)  in  contrast  to  the 
other  conditions.  Sanilarly,  the  proportion  of  axis 
errors  (see  Figure  5)  also  resulted  in  an  effect  due 
to  conditions,  F (3,  35)  = 27,  p < .001  (.08.  .08, 
.07,  .30  in  VO,  SAI,  SAC,  and  DAI,  respectively). 


' Ail  analy^s  of  vaiuncc  were  performed  with  the 
VUL2  - Vinderbilt  Suii.^;ical  Package  (1971).  Ihr 
mUaing  dat^  unequal  ii)  option  aupplied  with  thtac 
progranii  waa  applied  where  needed. 
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In  contrast  to  reversal  errors,  however,  the  highest 
proportion  of  axis  errors  was  made  in  DAI  as 
revealed  by  a Newrnan-Keuls  test  of  the  means 
(P<  01). 

The  DAI  condition  was  included  in  this  study 
as  an  added  feature  to  corroborate  the  predicted 
effect  in  SAI  and  to  verify  the  notion  that  this 
effect  was  produced  by  visual-proprioceptive 
conflicts  rather  than  by  random  control  activities. 
Thus,  it  had  been  predicted  that  the  visual-motion 
relationships  in  S.\I  would  result  in  a greater 
proportion  of  reversal  than  axis  errors  and  that  the 
opposite  would  be  the  case  in  DAI.  To  test  this 
possibility,  an  analysis  of  variance  was  carried  out 
to  compare  the  proportion  of  reversal  errors  with 
the  proportion  of  axis  errors  made  by  all  subjects 
in  VO,  SAI,  SAC,  and  DAI.  Of  particular  interest 
was  a possible  Conditions  X Type  of  Error  (i.e., 
reversal  and  axis  errors)  interaction.  The  analysis 
resulted  in  a significant  interaction  in  the  expected 
direction  on  pitch,  F (3,  35)  = 6,  p = .0027  and 
roll,  F (3,  35)  = 43,  p < .001.  As  shown  in  Figure 


6,  the  interaction  effects  were  obviously  due  to  a 
higher  proportion  of  reversal  errors  in  SAI  than 
Dai  and  a higher  proportion  of  axis  errors  in  DAI 
than  SAl.  Thus,  the  overall  results  of  this  analysis 
confirmed  the  supposition  that  the  distribution  of 
these  two  types  of  control  errors  would  be 
systematic  rather  than  random.  It  can  be  safely 
concluded  that  the  incompatible  conditions  (i.e., 
SAI  and  DAI)  produced  visualpropnoceptive 
conflicts  and  that  these  experimental  conditions 
were  independent  with  respect  tc  their  effects  on 
the  performance  of  all  subjects,  regardless  of 
experience  (there  was  no  Conditions  X Experience 
Cifoup  interaction).  Finally,  it  must  be  pointed  out 
that  only  two  percent  of  the  axis  errors  in  DAI 
were  inappropriate  with  respect  to  direction  of 
motion  (e.g.,  a control  stick  deflection  to  the  right 
in  response  tc  a right  roll  motion)  These  data 
were  not  included  in  the  analysis.  This  latter 
finding  lends  further  support  to  the  notion  that 
the  axis  errors  in  DAI  resulted  from  responses  to 
motion  and  were  not  random. 


V Single  Axis  Incompatible  (SAI) 


B Double  Axis  Incompatible  (DAI) 


Types  of  Error  Types  of  Error 

Figure  6.  Proporlion  of  errora  n ■ function  of  type  of  error. 
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It  liatl  tiecii  a itK'ipatcd  tliat  VO  ami  SAC  (no 
niolioii  motion  a'lnparisons)  woul'J  diflef  in 
then  potential  to  imidncc  reversal  errors  Ttic 
preseme  of  motion  in  SAC  was  thoupjii  to  aid 
spatial  orientation  and  result  in  a very  small 
proportion  of  inappropriate  responses.  While  the 
diffcrenec  between  these  two  conditions  was 
consistently  in  the  expected  direction,  the 
Nownian-Kcnls  test  tailed  to  teach  siitnificance 
(ji  > (iS)  /\lso,  the  proportion  of  reversal  errors  in 
these  two  condilions  was  relatively  low  (11  vs.  .07 
111  VO  and  SA(  . respectively)  and  did  not  differ 
from  the  proportion  of  axis  errors  This  latter 
findinp  sufycsls  that  the  errors  in  VO  and  SAC 
were  random  and  non-tas)'.  related.  AJthougli  it  is 
tempting  to  conclude  that  the  visual  factors 
provided  the  necessary  iifonnation  for  spatial 
orientation  and  that  motion  in  SAC  served  no 
useful  role,  the  effect  of  motion  was  obviously 
present  in  SAl  and  OAl  Accordingly,  the  role  of 
motion  in  SA('  is  not  dismissed.  It  must  be 
recalled  that  VO  did  result  in  a strong  and 
consistent  tendency  to  produce  more  reversal 
errors  than  SAC.  Detailed  inteipretation  of  these 
results,  however,  must  be  earned  out  in  tlte  light 
of  other  reievam  data. 


TahU-  2.  Mean  Respotrsc  Times  (in  seconds)  on  Correct  Responses 
iutd  on  Reversal  and  Axis  Errors 
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.28 

.72 
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.52 
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.29 

.61 

.40 

.38 

DAI 

.67 

.43 

.44 

.81 

.53 
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If  motion  alerts  the  subjects  to  changes  in 
altitude,  as  claimed  by  Mathcny,  Dougherty,  and 
Willis  (1163),  then  the  experimental  conditions 
providing  motion  should  result  in  shorter  RTs  than 
those  that  did  not.  This  assumption  was 
confinued.  Analysis  of  variance  on  RTs  of  correct 
responses  was  significant,  h (3,  35)=  6,  p < .01 
(.75,  .67,  .57,  -74  seconds  in  VO,  SAl,  SAC,  and 
DAI,  rcspeclively).  Newman-Keuls  tests  of  the 
means  by  axis  (see  1 able  2),  revealed  that  RTs  on 
correct  responses  in  VO  were  significantly  longer 
than  in  SAC  (p  < .01)  on  both  axes,  and  also 
longer  than  SAl  on  the  roll  axis  (p  < .05). 
Response  ‘imes  on  correct  responses  in  SAl  and 
SAC  did  not  differ  significantly,  although  there 
was  a coiisisiently  strong  tendency  for  SAC  to 
result  in  shorter  RTs  on  both  axes.  TVus  tendency 
is  inteipreted  to  mean  that  compatible  visual- 
motion  relationships  provide  alerting  cues  that  aid 
performance.  That  RTs  were  longer  in  VO  than 
SAl  and  the  failure  to  obtain  a significant 
difference  between  SAl  and  SAC,  however,  suggest 
that  motion,  even  when  it  is  incompatible  (i.e.,  in 
conflict)  with  the  visual  stimulus,  alerts  the 
opeiator  to  changes  iii  attitude. 


The  assertion  that  motion  provides  alerting  cues 
cannot  be  generalised  easily  to  the  incompatible 
visual-motion  relationships  in  DAT  Responie  times 
on  correct  responses  in  this  condition  differed 
neither  from  VO  and  SAl  on  pitch  nor  from  VO 
on  roll.  Tlic  relatively  long  RTs  In  DAI  can  be 
attributed  to  several  factors.  First,  it  will  be 
recalled  tliat  the  proportion  of  axis  enors  in  DAI 
was  high  relative  to  SAl.  This  difference  in  erion 
may  ha'/e  been  due  to  the  disproportionate 
number  of  visual-motion  stimulus  alternatives  in 
DAI,  as  compared  to  SAl  (see  Table  1).  It  is 
assumed  that  adaptation  to  the  visual-motion 
relationships  in  SAl  was  considerably  easier  than 
in  Dai.  In  SAl,  the  subject  merely  learned  that  a 


stick  deflection  in  the  op, '■  ■tile  direr  tion  Itom  the 
one  provided  by  the  motion  cue  would  result  in  an 
appropiiate  response  (i.e.,  the  subject  learned  to 
deflect  the  control  stick  on  the  same  axis  and 
direction  of  motion).  Similar  adaptation  would 
have  been  difficult,  if  not  impossible,  in  DAI 
because  the  visual-motion  combinations  were 
always  on  different  axes  and  there  were  two 
alternative  directions  of  motion  displacement 
wiimn  each  axis  (i.e.,  a visual  pitch  up  was 
accompanied  witii  a roll  right  or  roll  left  motion). 
Taking  these  factors  into  considetatior.,  it  can  lie 
safely  concluded  that  motion  in  DAI  not  only 
interfered  with  the  reaponie  tendencies  of  the 
sut^ecU,  but  required  that  decisions  be  brou^.t  to 
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bear  on  the  task.  The  subject  needed  to  select  an 
appropnatc  response  among  alternatives,  a process 
requiring  time. 

It  IS  of  interest  to  note  that  the  RT  relation- 
ships found  on  correct  responses  existed  also  on 
reversal  and  axis  error  RTs.  Response  time  on 
reversal  errors  resulted  in  a significant  effect  due 
to  conditions,  F (3,  35)  = 3,  p < .05  f .47,  .43,  .34, 
.48  seconds  in  VO,  SAl.  SAC,  and  OAl, 
respectively)  as  did  axis  erro'S,  F (3,  35)  - 10,  p < 
.001  (.43,  .35.  -33.  51  seconds  in  VO,  SAl,  SAC, 
and  Dai,  respectively).  An  examination  of  Table  2 
will  show  that  RTs  on  errors  are  generally  longer 
in  VO  than  SAC  and  that  SAl  falls  between  these 
two  conditions  Moreover,  RTs  on  errors  in  DAI 
are  generally  comparable  to  those  in  VO.  Thus,  it 
is  concluded  that  ihe  variables  that  have  an  effect 
on  RTs  of  correct  responses  have  the  same  effect 
on  RTs  of  error  rcspionses.  Note,  however,  that  the 
RTs  On  errots  are  always  shorter  than  RTs  on 
correct  responses.  Tlie  difference  between  RTs  on 
correct  responses  and  on  reversal  errors  was 
statistically  significant  on  both  pitch,  F (l,  34)  = 
144,  p < .001  (.61,  vs.  .37  seconrls)  and  ro!!,  F (1, 
34)  = 63,  p < .001  (.75  vs.  .50  seconds).  Similarly, 
this  difference  was  significant  between  RTs  on 
correct  responses  and  axis  errors  on  both  pitch,  F 
(1,  33)=  148,  p<  .001  (.61  vs.  .34  seconds)  and 
roU,  F (1.  35)=  233,  p<  001  (.75  vs.  .47 
seconds). 

Reed  (1977)  interpreted  the  effects,  discussed 
in  the  pieceding  paragraph,  in  terms  of  the 
anticipatory  behavior  occurring  prior  to  the  onset 
of  a stimulus  event.  In  some  respects,  the  task  of 
the  subjects  can  be  likened  to  classical  reaction 
time  tasks.  When  the  subject  awaits  the  onset  of 
the  stimulus  event,  errors  ate  less  likely  to  occur, 
but  latency  is  expected  to  be  considerably  longer. 
Anticipation  allows  the  subject  to  predict  when  a 
stimulus  is  to  take  place  and  to  select  the  most 
probable  response  among  tlie  possible  stimulus 
alternatives.  When  response  selection  is  initiated 
prior  to  the  time  that  anticipatory  processes  are 
complete,  the  subject  may  likely  respond 
piematurely  and  make  an  error.  This  does  not 
mean  that  some  anticipation  does  not  occur.  It 
simply  claims  that  the  process  is  terminated  early. 
Accordingly,  variables  that  have  an  effect  on 
correct  responses  may  appear  also  in  the  errors 
because  some  information  processing  actually 
occurs.  If  this  model  of  anticipatory  behavior 
accounts  for  the  results  obtain^  in  this 
experiment,  then  it  would  also  predict  that  some 
correct  responses  would  have  short  RT.  TTiat  is,  if 


the  anticipatory  process  is  tcmiinaicd  early,  the 
sclecijoi'  of  a response  is  roughly  random,  but  on 
occasions  may  result  in  the  selection  of  a correct 
response.  Analysis  to  this  level  of  detail  was  not 
carried  out  on  tlie  data  from  the  present 
cxpciimcnt. 

To  summari/c.  visual -moticn  relationships  that 
are  incoinp.itiblc  interfere  willi  the  subject's 
performance  and  result  in  errors  and  longer  RTs. 
ri'c  absence  ol  motion  lengthens  RT  on  correct 
responses,  but  results  in  a lower  proportion  of 
control  errors.  The  short  RTs  in  SAC  on  both  axes 
and  the  short  RTs  in  SAl  on  roll  relative  to  VO, 
provide  evidence  favoring  the  alerting  role  of 
motion.  Moreover,  since  the  onset  of  both  the 
visual  and  motion  stimuli  occuricd  simultaneously, 
the  results  are  consisvent  with  the  assumption  (but 
do  not  necessarily  imply)  that  proprioceptive  cues 
derived  from  n otion  preceded,  in  time,  the  visual 
ones  as  had  been  reported  by  Matlicny  et  al., 
(1963).  A rough  estimate  of  the  possible  contribu- 
tion provided  by  the  presence  of  compatible 
motion  relationsliips  to  response  time  is  obtainable 
by  subtracting  the  average  RT  in  SAC  frem  the 
average  R3  in  V(3.  This  difference  is  found  to  be 
.!  1 seconds  on  pitch  and  .34  seconds  on  roll.  A 
sutiilar,  but  weaker  contribution  is  found  when 
VO  is  compared  to  SAl  (.06  seconds  on  pitch  and 
.13  seconds  on  roll). 

The  results  provide  compelling  evidence  in 
support  of  the  assumption  that  motion  cues  play 
more  than  an  alerting  role  in  the  subject’s  attempt 
to  cope  with  visual-proprioceptivc  conflict.  The 
large  pioportion  of  reversal  errors  in  SAl  in 
contrast  to  DAi  and  the  large  proportion  of  axis 
errors  in  DAI  relative  to  SAl  suggest  that  motion 
also  provided  directional  information.  Moreover, 
that  the  overwhelming  number  of  axis  enors  in 
DA!  were  commensurate  with  the  direction  of 
motion  lends  further  support  to  this  conclusion. 

Effects  of  Experience 

The  difference  between  the  experimental  condi- 
tions was  Uie  presence  or  absence  of  motion  and 
the  axis  and  direction  of  motion  with  respect  to 
visual  displacement  (see  Table  1).  The  direction  of 
displacement  of  the  visual  scene  presented  on  the 
television  monitor,  however,  remained  unaltered 
with  respect  to  the  direction  of  stick  deflection 
(i.e.,  the  control-display  relationship  was  not 
varied  in  tliir  experiment).  Accordingly,  if  a pflot’s 
responses  to  aircraft  attitude  changes  are 
dependent  on  motion  cues  (i.e.,  the  pilot  uses 
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rather  than  disrcgatds  motion),  then  a motion 
function  which  is  in  conflict  w-iih  these  old  and 
ovcrlcatncd  response  habits  should  interfere  with 
liis  pertonnancc.  If  pcrfoimancc  in  SAC  is 
dependent  upon  learned  habits  peculiar  to  pilots, 
then  the  performance  of  nonpilots  should  be 
worse  than  that  of  pilots  in  tfris  condition.  On  the 
other  hard,  if  prints  ate  able  to  ignore  motron. 
then  the  absence  of  motion  (i.c.,  VO)  or  tbc 
presence  or  visual-motion  relationships  that  arc  in 
conflict  with  minnal  flying  operations  (i.e.,  SAI 
and  DAl)  should  have  no  effect  on  their  per- 
formance. Similarly,  the  pilots  sliould  have  no 
difficulty  in  the  condition  in  which  only  motion 
cues  arc  present  (i.e.,  MO).  The  extent  to  which 
pievious  cvpetience  has  an  effect  on  operator 
responses  to  motion  cues  can  be  obtained  by 
cornpatitip  the  ircrfonnance  of  pilots,  navigators, 
and  nontated  subjects  on  each  experimental 
conditions. 

Tire  results  revealed  that  the  proportion  of 
errors  among  the  three  experience  groups  was 
couglily  equal.  There  was  no  difference  in  the 
proportion  of  reversal  errors  among  experience 
groups,  h (2,  .^5)  - .24,  p > .05  (.13,  .14,  .14  tor 
pilots,  navigators,  and  nonrated  subjects,  respec- 
tively). Similarly,  there  was  no  difference  in  the 
proportion  of  axis  errots,  F 2.  35)  = .38,  p > 05 
(.14,  .14,  .12  for  pilots,  navigators,  and  nonrated 
subjects,  rcspeciivcly)  l.xpccted  differences,  as 
might  have  been  revealed  by  a Conditions  X 
Experience  Groups  interaction,  were  absent.  It 
must  be  noted  (sec  Figure  4)  that  pilots  in  SAI 
made  more  reversal  errors  cm  the  roll  axis  than 
nonpilois  (.4i  \s.  .24)  Furthcntiorc,  pilots  made 
more  axis  errors  in  DAI  than  nonpilots  on  hotli 
axes  (.25  vs.  .16  on  pitch  and  .40  vs.  .35  on  roll), 
as  shown  in  Eiguic  5.  A descriptive  statistic  on 
reversal  errors  to  roll  axis  stimuli  in  SAI  showed 
that  the  visual -motion  relationships  in  this  condi- 
tion had  a greater  impact  on  pilots  than  nonpilots. 
These  icsults  must  be  interpreted  with  caution.  It 
can  be  safely  concluded,  however,  that  pilots  were 
unable  to  ignore  the  effects  of  motion  and  that 
previous  exposure  to  fliglit  conditions  did  not  aid 
them  ill  overcoming  tlic  effects  ol  cue  conflict.  In 
fact,  it  was  surpnsing  to  find  that  the  pilots  made 
occasional  errois  when  visual-motion  relationsl'.ips 
were  commensurate  with  those  eiicountcrcd  in 
contact  flying  (i.e.,  SAC).  Ixpially  surprising  was 
that  tlte  proportion  of  errors  made  by  nonpilots  in 
SAC  were  only  sliglitly,  but  not  significantly, 
highei  than  those  of  pilots.  Moreover,  a similar 
rclationsfiip  w as  found  in  VO, 


Obviously,  moi.on  provided  coiuixilling  cues  to 
subjects  in  all  experience  groups,  but  juiiiiarily  rtic 
pilots  I’osl-cxpcrimcnta!  dchrietings  revealed  that 
pilots  were  painfully  .iwaie  that  the  visual  mntum 
relationships  m SAI  were  in  conflict  with  those  ol 
normal  flying  operations.  Nonjiilots.  on  the  othci 
hand,  were  unaware  t)iat  there  was  somctliiiig  out 
of  the  ordinary,  yet  alt  of  them  made  more 
reversal  errors  in  SAI  than  SAC  Jacobs  and 
Roscoc  (l‘)?5)  obtained  similar  comments  from 
flight  naive  subjects.  Accordingly,  the  erro-s  made 
by  the  pilots  in  SAC  can  be  attributed  to  factors 
of  attention  oi  motivation  and  ilmse  ol  tlic 
nonpilots  to  tbcit  inexperience  II  this 
interpretation  is  accepted,  then  it  IoIm'ws  iln- 
visiial-motion  rela i ionshi ps  in  SAC  were 
compatible  with  the  visual -propiiocepiivc 
sensations  that  engcndei  adequate  spatial 
orientation.  Such  relativinships  do  not  itncrlerc 
with  tcsjHinsc  tendencies,  regardless  ot  the 
experience  of  subjects. 

Further  evidence  that  motion  had  a gicaiei 
effect  on  pilots  than  luinpilois  conies  troin  ihc 
observed  tendency  for  pilots  to  rcsi'ond  to  motion 
cues  even  wlicn  visual  ones  were  absent  ('  >'  'he 
motion  only  condition).  An  aliemj'l  lo  null  ihe 
effects  of  motton  m this  coiidiiioii  was,  by 
definition,  an  error  response.  Two  types  of 
responses  were  possible,  ihosc  tliai  were 
“consistent"  with  the  motion  fiiiiclioii  (a  roll  nglil 
motion  was  responded  to  with  a eonitol  stick 
deflection  to  the  left),  and  those  that  were 
“inconsistent"  wiih  the  motion  fiiiietion  (a  roll 
right  motion  was  responded  to  with  a control  stick 
deflection  to  the  tight)  Presumably,  a legitioiato 
response  to  motion  in  the  absence  of  visual  stimuli 
would  require  that  stick  deflcctU'ns  be  on  the  axis 
and  direction  commensurate  with  the  motion 
function.  If  the  past  experience  of  jnlois 
influenced  their  perfonntuicc  in  the  MO  condition, 
it  would  he  expected  that  their  resjionses  K- 
primarily  on  the  consistent  axis  and  direction, 
relative  to  motion  On  the  other  hand,  the  absence 
of  experience  among  nonpilots  could  result  in  a 
random  distribution  ot  responses  Ix'twecn 
consistent  and  inconsistent  Tins  jnediction  was 
confirmed.  Pilots  made  significantly  more 
consistent  than  inconsistent  responses  on  both 
pitch,  F(I.  3)  = 21,  p=  .02  (13  vs.  .01)  and  roll, 
F (1,  3)  - 17,  p=  .02  (.15  vs.  .02).  In  contrast  lo 
these  results,  there  was  a tendency  for  navigators 
to  make  more  consistent  responses  than 
inconsistent  ones,  hut  the  diffciciice  failed  to 
reach  significance  on  pitch,  F (1 , 3)  = 1 .9,  p > .05 
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(.11  vs  .07)  and  loil,  1(1,  ?)  = .9,  p > .05  (.09  vs. 
.05).  SiTiuhrly,  iionraled  subjects  tended  to  ntakc 
inoic  consi.stcnt  responses  but  the  ditfcrcnces 
tailed  to  rc.nii  signiticance  on  p'tcli,  b' (1, 3)=  1. 
P > .0.5  ( 09  vs.  .05)  and  roll,  b (1 . 3)  = 3,  p > .05 
(.09  vs.  .03)  Tticsc  results  suggest  that  there  was  a 
sifong  tendency  tor  pilots  to  respond  to  motion 
cues  tliougli  the  cxiiccied  visual  ones  were  absent. 
U>  responding  to  motion  only,  the  subject 
provided  an  input  which  was  fed  back  to  him  as 
piteli  or  roll  cnoi  on  the  visual  display.  Tliis 
tcedback  stuuild  have  been  sufficient  to  effect 
leanung,  and  therefore,  to  result  in  a strong  down- 
ward trend  of  responding.  Yet,  all  subjects,  but 
primarily  the  pilots,  responded  to  motion 
throughout  all  sessions.  Obviously,  motion 
provided  compelling  cues  that  co.ild  not  be  easily 
disregaided. 

Tlie  previous  experience  of  pilots  (or  factors 
due  to  I'iloi  scicction)  did  not  aid  them  to  over- 
come the  eflccts  of  visual-ptoprioceptivc  conflict 
as  measured  by  the  proportion  of  reversal  and  axis 
crrois,  but  i'  did  help  them  reduce  their  response 
latencies.  Tlierc  was  a sigaiificant  effect  due  to 
exi'cricncc,  I'  (2,  35)  " 8,  p < .05  and  a Newman- 
keiiis  test  tevealed  that  pilot  K!s  on  correct 
responses  were  considerably,  and  agnificanily, 
shorter  than  those  of  nonpilots  (.58.  .74,  .71 
seconds  for  pilots,  navigators,  and  nonrated 
subjects,  respectively).  It  had  been  thought  that 
navigator  RTs  would  be  sJiorter  than  those  of 
incxpeiienced  subjects,  but  the  differences  were 
not  significant  Appatently,  the  types  of  (asks 
conducted  by  navigators  did  not  transfei  positively 
to  those  in  this  cxpennicnt.  It  is  of  interest  to  note 
that  tlie  differences  between  pilots  and  nonpilots 
was  preserved  on  icversal  errors,  F (2,  35)  = 4,  p < 
.05  (.36,  .43,  .49  seconds  for  pilots,  navigators, 
and  nonrated  subjects,  respectively),  but  not  on 
axis  errors,  F (2,  35)  = 1 .5,  p > .05  ( ^though  there 
was  a tendency  for  pilot  RTs  to  be  shorter,  .38 
.43.  .41  seconds  for  pilots,  navigators,  and 
nonrated  subjects,  respectively). 

To  summarire,  the  results  present  a rather 
dismal  picture  of  man’s  capabdity  to  function 
under  the  conditions  simulated  in  this  experiment 
All  subjects  appeared  to  make  use  of  motion  and 
had  difficulty  responding  appropriately  when 
these  cues  were  in  conflict  witli  visual  ones. 
Fuithemiore,  each  subject  in  this  experiment  was 
exposed  to  a single  condition  in  which  rate  and 
amplitude  of  the  stimuli  did  not  vary;  a rather 
ideal  situation.  Isolated  instances  of  the  visual- 
motion  tclationsliips  as  experienced  by  subjects  in 
this  experiment  could  occur  in  an  operational 


environment.  Neve; ihelcss.  an  oi>cratoi  of  a 
rcniolcly  piloted  vehicle  would  need  to  adapt  to 
continuous  changes  in  angular  acceleration  in  one 
or  more  axes  to  the  vehicle  and/oi  the  airborne 
station.  Accordingly,  he  must  Icam  to  restiict  his 
manual  activities  to  visual  information  rather  than 
to  accept  some  mix  of  the  vehicle  status  with  that 
of  the  station.  Whether  operators  can  learn  to 
disregard  the  effects  of  motion  in  these  environ- 
mental conditions  is  a matter  lor  research  ' 

F.ffecls  of  Practice 

Practice  usually  improves  the  performance  of 
motoi  skills.  Thus,  it  was  safe  to  assume  that  at 
least  some  learning  would  occur  among  the  subject 
in  this  experiment.  In  view  of  the  conclusions  in 
the  preceding  paragraphs,  the  importance  of 
learning  factors  to  the  operation  of  RPVs  cannot 
be  overlooked.  The  primary  questions,  however, 
dealt  with  the  specific  characteristics  of 
improvement  in  performance  and  with  tlie 
particular  dependent  variables  affected.  A related 
question  asked  whether  motion  was  necessary  for 
training  future  operators. 

If  W3S  tlist  the  effect  o!  prictice 

sliould  be  evidenced  prinianly  in  those  conditions 
most  conducive  to  visual-propriocepiive  conflict. 
In  view  of  the  results  discussed  earlier,  SAl  and 
DAI  were  expected  to  result  in  the  greatest 
amount  of  learning.  Moreover,  since  roll  creates  a 
severe  problem  to  spatial  orientation  (a  topic  to  be 
discussed  later),  it  was  anticipated  that  practice 
would  be  most  evident  on  responses  to  stimuli  on 
that  axis.  Tnese  piedictions  were  confiniied.  Tlie 
proportion  of  reversal  errors  made  by  subjects  in 
all  experience  groups  in  SAI  declined  significantly 
with  practice  (see  Appendix  C).  An  examination 
of  Figure  7 will  shew  that  most  of  tlie  learning  in 
SAl  occurred  by  the  end  of  tlie  first  session  on 
pilch  control  and  by  the  second  session  on  roll. 
The  latter  reveals  that  acquisition  of  skills  was 
more  difficult  when  the  stimuli  were  presented  o.; 
the  roll  axis  than  on  pitch.  It  is  noteworthy  that 
virtually  all  subjects  continued  to  make  control 
reversals  on  the  last  session.  Tlie  rate  of  decline 
over  sessions  suggested  that  considerable  learning 
took  place.  Had  the  lest  contmued  for  additional 
sessirrns.  the  proportion  of  errors  niiglit  have 
declined  even  further. 

Unlike  SAI.  learning  failed  to  occur  in  DA!  (see 
Appendix  D).  As  shown  in  Figtire  8,  axis  errors 
declined  slightly  over  sessions  on  pitch  control, 
but  the  errors  were  distributed  about  evenly  on 
roll.  Titus,  it  is  impossible  to  detemiine  from  tlicse 
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Proportion  of  Errors  Proportion  o<  Errors 


Pilots  Naviyators  Nonratad 

Sessions 


Pilou  Nevioaicrs  Non-rat«d 

Sessions 

Figure  7.  Proportion  of  revenad  errors  h • function  of  tcnions  on  each  experience 
group. 
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Figure  8.  Proportion  of  axia  errors  oi  a function  of  tewioni  on  each  cxpetience  group. 
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data  whctlicr  conliiijcd  piacticc  in  DAI  would 
have  aided  the  subjects  Since  taster  Icaniiiig 
occurred  to  pitch  in  SAI  and  tliere  was  a shjtht 
decline  in  axis  errois  to  pitch  in  DAl,  it  is  assiuncd 
that  extensive  practice  would  evcntuall>  result  in 
learning  As  noted  earlier,  the  diftercncc  in 
learning  tale  between  SAI  and  DAI  may  have  been 
due  to  the  disproportionate  number  ot  visual- 
motion  bliniulus  combinations  between  the  two 
conditions,  thereby  making  the  task  in  DAI  iiiore 
difficult 

It  was  anticipated  that  the  absence  of  motion  in 
VO  would  result  in  more  reversal  errors  than  the 
compatible  relationsliips  in  SAC.  Tlius  it  was 
assumed  that  more  learnuig  would  occur  in  VO 
than  SAC,  at  least  among  the  pilots  While  there 
was  a strong  tendency  for  all  subjects  to  make 
more  reversals  in  VO,  only  navigators  showed  a 
significant  practice  effect  in  that  condition  and 
none  sliowed  an  effect  in  SAC  (sec  Appendix  C) 
Apparently,  learning  occurs  only  under  circum- 
stances of  severe  spatial  disorientation. 

While  the  difference  in  the  proportion  of  errors 
made  by  pilots  and  non  pilots  was  not  signiticant  in 
MO,  the  tendency  for  pilots  to  make  more 
consistent  responses  tlian  inconsistent  ones  was 
stronger  than  for  nonpilots.  Moreover,  there  was  a 
tendency  for  pilots  to  make  mote  leversal  errors  in 
SAI  and  axis  errors  in  DAI.  These  results  suggested 
tliai  practice  should  have  a greater  effect  on  pilots 
than  nonpilots  in  these  two  conditions.  Some 
evidence  for  this  assumption  was  revealed  by  an 
omega  squared  index  (a  descriptive  statistic) 
applied  to  roll  axis  data  in  SAI  (sec  Reed,  1977). 
The  difference  between  pilots  and  rionpilots  was 
maintained  throughout  all  sessions,  but  the 
difference  between  navigatois  and  inexperienced 
subjects  (i.e.,  nonrated)  was  minimal.  Observation 
of  pitch  axis  data  (see  Tigute  7)  reveals  that  pilots 
tended  *o  reduce  *he  incidence  of  reversals  at  a 
highei  rate  than  nonpQots.  With  axis  pooled,  the 
reduction  of  errors  from  Session  1 to  4 was  28%, 
25^  , and  1675  for  pilots,  navigators,  and  nonraied 
subjects,  respectively. 

Unlike  reversal  errors,  there  was  no  evidence 
that  RTs  on  correct  responses  changed  with 
practice,  regardless  of  experience.  Tliai  RT 
remains  stable  on  certain  kinds  of  tracking  tasks 
has  been  reported  earlier  by  Gottsdanker  (1956). 
Yet  pilot  RTs  were  consistently  shorter  than  those 
of  nonpilois  in  all  conditions,  but  there  was  no 
difference  between  tire  two  nonpilot  groups, 
hither  the  number  of  trials  in  this  exjierinieiit  was 
insufficient  to  effect  a change  or  the  short  RTs 
made  by  pilots  were  due  to  selective  factors. 


To  siiniii',?ri7c.  it  IS  apparent  that  the  cffecis  of 
practice  I'li  peiformancc  arc  predicated  on  the 
potential  ol  visual-motion  relationships  to  produce 
conlhci-  As  expected,  pilots  tended  to  be  affected 
by  the  incoinpaiible  relationships  nunc  than  non- 
pilots and  show  a greater  cfl'cct  due  to  practice. 
The  number  of  test  sessions,  however,  was 
insufficient  lo  reduce  errors  in  SAI  and  DAI  to  the 
level  of  SAC. 

Personnel  Selection 
and  Training 

Can  rionpilots  he  assigned  to  operate  RPVs’ 
Tlie  answer  to  this  qiiestion  is  a cautious  “yes.” 
Wilde  the  various  visual  motion  relationsliips  used 
in  tlus  experiment  had  about  the  same  effect  on  all 
experience  groups,  the  nonpilois  tended  to  make 
less  errors  in  SAI  and  DAI  than  pilots  despite  ihesr 
lack  of  expencncc  nr  familiarity  wi;h  fliglii 
operations.  It  could  be  argued  that  pilots  have  the 
advantage  of  fligln  cxpericiicc.  Under  stress, 
however,  the  pilots  may  revert  to  old  habits  and 
respond  to  attitude  changes  of  tlic  airborne  station- 
A related  question  asks  whether  pilot  performance 
would  deteriorate  upon  return  to  Hying  status. 
Tire  results  of  this  and  other  experiments  have 
shown  that  motion  is  an  imp ortant  factor  in  pilot 
peiformance.  If  a pilot  is  trained  to  disregard  the 
effects  of  motion  in  order  to  operate  RPVs  from 
an  airborne  station,  tlic  effect  o!  tliis  training 
Could  have  dire  consequences  if  he  is  returned  to 
flying  status  While  problems  in  flight  usually  arise 
when  the  aircraft  accdcralions  are  below 
threshold,  training  to  ignore  sudden  changes  in 
attitude  compounds  tire  problem. 

This  experiment  has  shown  that  under  the 
conditions  tested,  motion  provides  alerting  and 
directional  cues.  Yet  the  operator  of  an  RPV  must 
learn  to  ignore  these  cues  and  place  full  confidence 
ill  the  visual  display.  The  extent  to  which 
confidence  can  be  instilled  in  prospective 
operators  mighi  depend  on  their  previous  experi- 
ence with  these  displays.  If  a display  has  caused  a 
pilot  to  experience  conflict  (as  with  artificial 
horizon  displays),  there  may  be  a greater  possibility 
that  he  will  experience  these  same  conflicts. 
TmaJly,  whether  pilots  or  nonpilots  are  selected, 
the  results  of  this  experiment  strongly  suggest  that 
the  operators  be  trained  in  the  presence  of  motion 
cues  (i.e.,  the  cue  must  be  present  in  order  for 
learning  to  occur). 

Effects  of  Axis 

It  has  been  known  for  many  years  ‘iat 
problems  in  interpreting  tire  direction  of  attii  1e 


22 


shown  on  aircraft  artit'icial  Iioii7a'ii  displays  arc 
greater  on  roll  than  pitch.  In  tJicir  analysis  of 
pilots  errors,  for  example,  f itts  and  Jones  (1947) 
found  Uiat  of  22  reversal  errors,  19  were  due  to 
ntisinterpreting  tire  direction  of  bank.  Similar 
fin-,.ngs  have  been  repotted  elsewhere  (e.g-, 
Kelley,  1%8;  Kelley,  dc  Gioot,  & Bowen,  1961). 

Judging  from  the  studies  cited  above,  it  was 
assumed  t’lat  differential  effects  would  result  from 
visually  displayed  pilch  versus  roll.  Tliis 
assumption  was  confirmed. 

Ovenill,  tlierc  was  a greater  proportion  of 
reversal  errors  on  roll  than  on  pitch  (.15  vs.  .13), 
but  this  difTcrence  was  t Irihuied  to  VO  (.13  vs 
.08)  ard  SAI  (.30  vs.  .21).  No  difference  was 
found  in  SAC  (.06  vs.  .08).  It  will  be  recalled  that 
the  effects  of  practice  were  observed  in  VO,  but 
pnniaiily  m SAI,  and  these  affects  were  attributed 
to  roll  control.  Aiiparently  the  effect  disappears 
whenever  cotnpalible  visual-motion  relationships 
arc  present  as  in  SAC.  (Tnis  finding  does  not  mean 
that  the  compatible  relationships  in  SAC  did  not 
present  problems  to  the  subjects.  Reversal  errors 
were  made  by  all  subjects  in  all  experience  groups 
througliout  all  expcriinental  se5.sions)  In  a study 
ccuiipaiable  to  WO,  Kelley  et  ai.  ( 1 961)  reported 
similar  findings  and  noted  that  it  was  easier  for 
display  content  to  become  the  frame  of  reference 
for  pitch  than  for  roll  displacements. 

It  is  of  interesi  to  note  that  the  effect  produced 
by  visually  displayed  roll  in  VO,  SAI.  SAC,  and 
DAI  persisted  on  axis  errors.  Wliilc  the  difference 
was  small  (.17  vs.  .10  on  roll  and  pitch,  respec- 
tively) it  was  neverllicle&s  highly  significant,  F(l, 
35)=  23,  p<  .001.  In  OAI  the  expected  axis 
effect  was  evident,  with  a higher  proportion  of 
axis  errors  made  to  visually  displayed  roll  than 
pilch  (.39  vs,  .20)  llie  difference  in  the 
proportion  of  reversal  errors  in  DAI,  however,  was 
not  systeniatic  (.10  vs.  .13  on  roll  and  pitch, 
respectively).  These  findings  lend  support  to  the 
assumption  that  motion  in  DAI  interfered  with  the 
subject's  rcsiH)n-se  tendencies.  Moteover,  the 
results  suggest  that  motion  interferes  with  visually 
mediated  orientation.  Had  the  visual  stimulus 
intcrfeied  with  the  responses  to  motion  in  DAI. 
then  more  axis  errors  would  have  been  made  to 
visually  displayed  pitch  in  which  the  motion 
function  was  roll.  From  these  results,  it  is 
tempting  to  conclude  that  spatially  oriented 
behavior  is  mediated  primarily  by  visual  rather 
than  proprioceptive  factors.  Tins  certainly  is  not 
the  case  here.  It  must  be  recalled  that  the  experi- 
mental task  requited  that  subjects  rely  on  visual 


cues;  control  stick  deflections  were  totally 
independent  of  motion.  Nevertheless,  motion  cues 
were  extremely  compelling.  F.ven  when  these  cues 
were  provided  in  the  absence  of  vi-.ua!  ones,  the 
pilots  responded  to  motion.  Support  for  this 
conclusion  was  found  in  the  differential  axis  effect 
on  pilot  consistent  responses  to  MO.  While 
nonpilots  did  not  show  differences  (additional 
evidence  that  tlie  responses  of  nonpilots  in  MO 
were  landom,  but  not  those  of  the  pilots),  the 
pilots  made  a highei  proportion  of  responses  to 
roll  motion  than  to  pilch  (.1  5 vs.  .12). 

Previous  investigations  have  sliown  that  dis- 
crimination RT  is  shorter  to  honaontal  and 
vertical  lines  than  to  oblique  ones  (Appelle,  1972). 
This  effect  is  preserved  even  wlien  the  head  is 
tilted  45  degrees  right  or  left  (Attneave  & Olson. 
1967),  Thus,  it  was  expected  that  visually 
presented  roll  would  result  in  longer  RT  than 
p\ch  regardless  of  conditions  or  experience.  This 
prediction  was  overwhelmingly  supported  in  the 
experimental  results.  Response  times  for  correct 
responses  were  consistently  and  significantly 
longer  on  roll,  F (1,  35)  = 110,  p<  -001  (.61  vs. 
.75  seconds).  This  effect  was  found  also  on  RTs  of 
reversal  errors.  F (1,  33)=  19,  p<  .001  (.36  vs. 
.49  seconds)  and  axis  errors,  F (I,  33)=  29,  p< 
.001  (.34  vs.  .47  seconds). 

In  summary,  it  is  apparent  that  visually 
presented  roll  presents  greater  problems  to  spatial 
orientation  tlian  pitch.  Response  times  are  longer 
and  more  errors  are  made  on  roll  control. 


IV.  SUMMARY  AND  CONCLUSIONS 

The  purpose  of  this  experiment  was  to 
investigate  operator  performance  in  an  environ- 
ment which  was  conducive  to  visual-proprioceptive 
conflict.  More  specifically,  the  intent  was  to 
determiiu'  the  relative  ability  of  subjects  to 
maneuver  an  RPV  from  an  airborne  station.  To 
conduct  the  task  adequately,  it  was  necessary  for 
the  subject  to  disregard  the  effects  of  motion 
inputs  from  tlie  control  station.  Previous  studies, 
bowevei,  have  shown  that  motion  is  not  easily 
ignoied  and  may  be  used  by  pilots  as  a cue  to 
sudden  changes  in  aircraft  attitude.  The 
ovcrlcarned  responses  of  pilots  to  the  changes  may 
interfeie  with  their  performance  under  conditions 
of  visual-proprioceptivc  conflict.  Accotdin^y,  it 
was  of  interesi  to  compare  the  performance  of 
pilots  with  subjects  who  have  not  developed  these 
response  tendencies. 
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ScNcral  spcciiK  cxpeiimcntil  objectives  wei« 
listed  in  tbc  iiitioJuition.  Tlic  cxpetimcntiL  results 
associated  'xiil;  ca>.li  ate  snniMiaii/cd  as  follows- 

I Thr  cfjirt  <‘J  t'ttnflu'i.  It  had  been 
anticipated  that  the  experimental  conditions 
would  dtfler  in  tlicir  potential  to  engender  visual- 
propriiu  cptivc  itinllici  This  prediction  was 
conriniicu  Visnal-iiiolion  conihinalions  that  were 
iiicotnpalildc  witli  normal  contact  flying  condi- 
tions intctlercd  with  pcrforitixnce  and  resulted  in  a 
higli  proportion  of  errors  and  longer  response 
times  b\  all  subjects,  regardless  of  experience.  The 
absence  of  motion  lengthens  response  limt.  but 
results  in  a lower  proportion  of  control  errors. 
Tlierc  was  evidence  to  support  the  notion  that 
motion  not  only  plays  an  alerting  role,  but  also 
provides  diicctioii  infonnation  on  attitude 
changes 

2-  T^tc  effect  (if  exiKhence.  The  previous 
experience  of  pilots  did  not  help  them  overcome 
the  effects  of  visual  ptophoceptive  conflict.  While 
all  subjects,  regardless  of  experience,  appeared  to 
make  use  of  motion  and  had  difficulty  in 
responding  appropnately  when  these  cues  were  in 
conthet  with  visual  ones,  this  effeci  was  eviueficcu 
more  strongly  by  pilots.  The  previous  experience 
of  jiilois,  however,  did  hiip  them  reduce  response 
latencies.  TTicse  results  indicate  no  advantage  in 
training  pilots,  as  opposed  to  nonpilots,  to 
perfonn  airborne  control  of  RPVs  (as  represented 
by  the  conditions  of  tills  experiment). 


3.  Effect  of  pnctice.  The  effect  of  practice 
was  primarily  in  a condition  that  was  conducive 
to  visual-proprioceptive  conflict.  All  subjects 
reduced  the  proportion  of  reversal  errors  in  the 
single-axis  incompatible  (SAO  condition,  but  little 
evidence  of  learning  was  sliown  when  conflict  w» 
produced  by  the  double-axis  incompatible  (DAI) 
condition.  It  was  concluded  that  the  number  of 
test  sessions  was  insufTicient  to  reduce  the 
proportion  of  errors  in  SAl  «nd  DAI  to  the  level  of 
the  single-axis  compatible  (SAC)  condition. 

4.  Selection  and  training.  The  results  indicate 
no  advantage  in  training  pilots  as  opposed  to  non- 
pilots  to  perform  airborne  control  of  RPVs. 
Nonpilots  tended  to  make  less  errors  under 
conditions  of  visual-proprioceptive  conflict  despite 
their  lack  of  familiarity  with  flight  operat  ms 
Moreover,  if  pilots  are  trained  to  disregard  m.  on 
to  operate  RPVs  (under  conditions  simulatta  in 
this  experiment),  the  effect  of  this  training  could 
have  dire  consequences  if  they  are  returned  to 
flying  status. 

5.  Need  for  motion  in  training  simulatcn  for 
RTr'i.  The  results  of  this  experiment  reveal  that 
potential  RPV  operators  should  be  trained  in  the 
presence  of  motion.  There  was  evidence  to  support 
tlie  notion  that  the  subjects  can  learn  to  disregard 
.notion,  but  in  order  for  leaming  to  occur,  these 
cues  must  be  present. 
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APPl-NDIX  A:  SUMMARY  OF  TOTAL  NUMBER  OF  TRIALS  AND  RESPONSES 


itlmulue 


1 niah  j 

Ron 

Conditions 

OrouM 

Corroot 

Rosponaoo 

fiovaiHui 

I'.rrora 

Aals 

trrers 

Crosa 

C0id 

Corrooi 

Rci^efiaos 

Rownul 

Rnora 

AaM 

errors 

Cfots 

COM 

Total 

Rasp 

Oita 

Loss 

Total 

Triois 

Pilots 

253 

22 

16 

6 

230 

36 

20 

21 

604 

36 

640 

VO 

Navig. 

228 

24 

28 

4 

210 

34 

29 

21 

578 

62 

640 

N-R 

243 

24 

20 

5 

!92 

46 

20 

37 

587 

43 

630* 

Pilots 

220 

61 

16 

2 

142 

120 

26 

16 

603 

37 

640 

SAl 

Navig. 

213 

56 

18 

1 

194 

68 

25 

19 

594 

46 

640 

N-R 

206 

66 

23 

1 

184 

78 

41 

6 

605 

36 

640 

Pilots 

250 

14 

14 

8 

250 

10 

12 

22 

580 

60 

640 

SAC 

Navig, 

210 

21 

18 

6 

221 

22 

26 

21 

545 

95  b 

640 

N-R 

240 

32 

9 

8 

217 

18 

39 

24 

587 

53 

640 

Pilots 

170 

25 

71 

0 

126 

10 

147 

10 

559 

81" 

640 

DAI 

Navig, 

139 

45 

37 

17 

91 

36 

112 

27 

504 

102" 

606* 

N-R 

152 

24 

35 

0 

115 

29 

61 

8 

424 

56" 

480 

1 Motion  Stimulus  | 

1 RtttA  1 

1 1 

Canrl,tc»«4 

inoonslitfnt* 

COnUtMni 

InooisHtont 

Pilots 

37 

3 

45 

5 

90 

40^ 

640 

Navig. 

28 

21 

26 

16 

91 

62 

640 

N-R 

35 

Id 

1 

28 

9 

76 

50 

640 

^E^uipmcnt  problems  resulted  ir\  a lower  number  ol  malt  presented  to  subjects. 
^Twenty  trull  were  not  recorded  due  to  equipment  problenis. 


these  totals.  1 7 trials  Riven  to  pilots,  62  to  navigators,  and  29  to  nonrated  resulted  in  axis  errors  in  the  wrong 
direction  with  respect  to  motion, 

e number  of  responses  in  the  correct  axis  with  ceapect  to  motion. 

^^Tlic  number  of  responses  in  the  incorrect  direction,  but  correct  axis,  with  respect  to  motion. 

^Ten  trials  were  not  recorded  due  lu  equipment  problems. 
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APPENDIX  R INSTRUCTIONS  TO  SUBJECTS 


VO  condition.  As  you  fly  the  remotely  piloted  vehicle  through  the  same  course  you  have  previously 
(i.e.,  during  training),  it  will  encounter  cleat  air  gusts.  These  gusts  will  be  observed  on  the  television  display 
.M  pitch  or  roll.  Your  task  will  be  to  level  the  reniutely  piloted  vehicle  as  quickly  as  ponible^  and  continue 
the  flight  over  the  various  targets.  Do  you  have  any  questions? 

MO  condition.  As  you  fly  the  remotely  piloted  vehicle  throu^  the  tame  course  ju  have  previously 
(i.e.,  during  training),  the  airborne  control  station,  but  not  tire  remotely  piloted  vehicle,  will  encounter 
clear  air  gusts.  Your  task  will  be  to  continue  to  marreuver  the  remotely  piloted  vehicle  through  the 
prescribed  courae.  Do  you  have  any  questions? 

SAI,  SAC,  and  DAI  conditions.  As  you  fly  the  remotely  piloted  vehicle  through  the  same  course  you 
have  previously  (i.e.,  during  training),  the  remotely  pQoted  vehicle  and  the  airborne  control  station  will 
encounter  clear  air  gusts  occurring  simultaneously.  These  gusts  will  be  observed  on  the  television  display  as 
pitch  or  roll.  Your  task  will  be  to  level  the  remotely  piloted  vehicle  as  quickly  at  possible  and  continue  the 
flight  over  the  various  targets.  IX)  you  have  any  questions? 


*Thc  funiUrientil  issue  in  this  evperunent  (Lc.,  vUual  proprioccptlve  conQ'jt)  wu  explored  by  snidyiing  the 
response  chsrscteristics  intmedlssely  following  the  uutoduenon  of  s stimulus  rsthcr  thsn  by  messuring  overall  tracking 
performance.  To  avoid  poMible  virltbflicy  in  the  dsu  (ve.,  lespotuc  time)  that  could  mult  from  unspedfled  set  for  speed 
or  accuracy  (Fitts,  1966)  die  Iniauctiona  given  to  the  sutyectsemphuUed  speed. 
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APPENDIX  C F RATIOS  FROM  THE  ANALYSES  OF  VARIANCE 
ON  PROPORTIONS  OF  REVERSAL  ERRORS 


CondJttoni 

CupMlanM 

OrOMM 

idf  m J.  •) 

AkU 

Cdt  • 1, 1) 

Stiilcnt  X Axl« 

(df « 3.  t) 

Pilots 

.93 

4.41 

1.00 

VO 

Navigators 

4.12* 

20-76* 

2.25 

Nonrated 

1.01 

5.42 

.69 

FUots 

6.58* 

6-28 

1.40 

SAI 

Navigators 

12.84** 

1.04 

2.63 

Nonrated 

6.64* 

.61 

.56 

Pilots 

.44 

.67 

.17 

SAC 

Navigators 

3.76 

.03 

.27 

Nonrated 

.64 

.70 

.13 

Pilots 

.22 

3.51 

1.00 

• DAI 

Navigators 

.44 

2.30 

.06 

Nonrated 

1.90 

.33 

o 

1 

•p  < .05. 

■*p  < .01. 


APPFNDIX  D F RATIOS  FROM  THfc  ANALYStS  OF  VARIANCL 
ON  PROPORTiONS  OF  AXIS  tRRORS 


Conditlcni 

CxptrUnM 

Oroupt 

StiildAi 

<d<  • 3.  •) 

AXH 

«H  • 1.  3) 

StfflOIH  K AmIs 
• 3. 

Pilots 

1 .22 

.33 

1-77 

VO 

Navigators 

1.82 

.20 

1.30 

Nonrated 

.25 

.01 

.14 

Pilots 

1 04 

,180 

2.00 

SAI 

Navigators 

2.12 

.60 

1.33 

Nonrated 

2.61 

2.00 

2.69 

Pilots 

2.35 

.50 

..SO 

SAC 

Navigators 

3.56 

.15 

.25 

Nonrated 

.40 

3.68 

.20 

Pilots 

2.2? 

4.23 

1.54 

DAI 

Navigators 

.38 

8.49 

.47 

Nonrated 

.54 

2.87 

.60 
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